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(54) Spread spectrum receiver having despreaders commonty shared among ralce combiners 



(57) A ^read spectrum receiver includes nuKiple 
despreaders muitipie RAKE conibiners associated 
respectively with spread spectrum signals. Allocation 
drcuitry detects one or worB muKpath components of 
received spread spectrum signals respectively 
addressed to multiple users, and configures the 
despreaders into a number of groups of despreaders 
such that the groups con^espond to the received spread 
spectrum signals and each group has one or wotb 
despreaders con'esponding to the detected one or more 
muttipath components of the received spread spectrum 
signal, and allocates the despreaders of each groip to 
the corresponding RAKE combiner. All despreaders are 
provided in number that is smaller than the number of 
the RAKE combiners times a nraximum number of pos- 
sible muttipath components of a spread spectrum signal 
and greater than the number of the RAKE conrisiners. 
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Description 

BACKGROUND OF THE INVENTiON 
Reldofthe Invention 

[0001] The present invention relates generally to 
spread spectrum receivers, and more specifically to a 
spread spectrum receiver where muitipie RAKE com- 
biners are provided for muitipie users. 

Description of the Related Art 

[0002] In a muKipath environment, a transmitted 
radio signal is reflected off objects, causing radio waves 
of multipath reflections to anrive on a receive site at dif- 
ferent times depending on the lengths of the propaga- 
tion paths. In CDMA (code division multiple access) 
cellular communication networks, more than one cell- 
site transmitter uses the same PN code for modulating 
a signal and transmit the spread spectrum signal simul- 
taneously on the same can'ier frequency. As a result, a 
mobile site is able to take advantage of the characteris- 
tic of the PN modulation by despreading a received sig- 
nal with mutually delayed PN codes of the same 
sequence and maximal-ratio combining tiie despread 
multipath signals using what is known as a RAKE com- 
biner to produce a high level signal. It is therefore desir- 
able to provide RAKE combining as many component 
signals as there are propagation paths for a received 
spread spectrum signal. However, it is known that the 
numbo' of propagation paths a single spread spectrum 
signal may take varies significantiy depending on the 
particular multipatii environment of the signal. 
[0003] A known multi-user spread spectrum RAKE 
receiver is comprised of a plurality of despreaders and a 
plurality of RAKE combiners. These RAKE combiners 
are provided in a one-to-one correspondence to multi- 
ple users. Because of ttie presence of multipath compo- 
nents in a received spread spectrum signal, a fixed 
number of despreaders are provided for each user. Usu- 
ally, five to 10 despreaders are provided for each user. 
Since tiie number of such multipath components is 
determined by ttie number (J) of cell-site transmitters 
which a single receiver can detect, a total number (J x 
M) of despreaders is required for a multi-user receiver, 
where M is ttie number of its users. 
[0004] Since ttie number of multipath components 
varies significantly from one spread spectrum signal to 
another, improvement in RAKE combining performance 
can no longer be expected if the number of actual multi- 
patii components is smaller ttian the number of 
despreaders. 

[0005] Therefore, a need exists for a multi-user 
spread spectrum RAKE receiver to reduce the number 
of its despreaders. 



SUMMARY OF THE INVENTION 

[0006] It is ttierefore an object of the present inven- 
tion to provide a spread ^>ectum receiver having a 

5 reduced number of despreaders. 

[0007] This object is obtained by sharing a plurality 
of despreaders among multiple RAKE combiners. 
[0008] According to ttie present invention, ttiere is 
provided a spread spectrum receiver comprising a plu- 

10 rality of despreaders and a plurality of RAKE combiners 
associated respectively with multiple users to which a 
plurality of spread specti-um signals are transmitted 
respectively Allocation circuitry is provided for detecting 
one or more multipath components of received ^read 

15 spectrum signals and allocating ttie despreaders to tiie 
RAKE combiners according to ttie detected one or more 
multipath conponents. All despreaders are provided in 
number ttiat is smaller ttian ttie number of the RAKE 
combiners times a maximum numbe^ of possible multip- 

20 atti components of each spread spedrum signal and 
greater ttian ttie number of said RAKE combiners. 
[0009] In a specific aspect ttie allocation circuitry is 
ananged to configure ttie plurality of despreaders into a 
plurality of groups con-esponding to received spread 

25 spectrum signals, with each group having one or more 
despreaders con'esponding to ttie detected one or more 
multipatii components of each of ttie received spread 
spectrum signals, and allocate ttie despreaders of each 
group to a con^sponding one of the RAKE combiners. 

30 

BRIEF DEggFliPTIQN Qf JH^ DPAW|N<3g 

[0010] The present invention will be described in 
furttier detail witti reference to ttie accompanying draw- 
as ings. in which: 

Rg. 1 is a block diagram of a multi-user spread 
spectrum receiver for receiving spread spectrum 
signal according to a first embodiment of ttie 
40 present invention; 

Rg. 2 is a flowchart of ttie operation of ttie control 
processor of Rg. 1; 

Rg. 3 is a btock diagram of a multi-user spread 
spectrum receiver according to a second embodi- 

45 ment of ttie present invention; 

Rg. 4 is a bfock diagram of a multi-user spread 
spectrum receiver according to a ttiird embodiment 
of the present invention; and 
Rg. 5 is a block diagram showing details of ttie 

so diversity controller of Rg. 4. 

DETAILED DESCRIPTION 

[0011] Refening now to Rg. 1. ttiere is shown a 
55 multi-user CDMA (code division muitipie access) RAKE 
receiver of ttie present invention for reiving a number 
of spread spectaim signals respectively destined for M 
users. The spread spectrum signals directed to the mul* 
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tiple users of the spread spectrum receiver are transmit- 
ted from one or more sources such as cell-site base 

transmitters. 

[0012] Because of varying land features and ter- 
rain, a transmitted signal propagates over a plurality of 
paths of different (lengths) propagation delay times, or 
muttipath fading channels. For a given spread spectrum 
signal, there may be as many multipath channels as 
there are cell-site transmitters or only one propagation 
path, depending on the multipath environment of the 
spread spectrum signal. 

[001 3] In the first embodiment of the present inven- 
tion, only one antenna 10 is used fbr the multi-user 
spread spectrum receiver. The spread spectrum 
receiver includes a plurality of despreaders 1 1 ^ through 
11k. ^I) of which are connected to the antmna 10 to 
receive spread spectrum signals destined fbr the users 
of the receiver. Each despreader includes a correlator 
20 and a variable delay element 21 to produce a 
despread signal. 

[001 4] The correlator 20 of each despreader is sup- 
plied with a pseudonoise (PN) code sequence via the 
variable delay element 21 for correlating the spread 
spectrum signals from antenna 10 with the PN code 
sequence. In order to timing the PN code sequence with 
a multipath component signal, the variable delay ele- 
ment 21 is supplied with an externally supplied delay 
time value detemrtined by the length of a particular mul- 
tipath fading channel. Thus, there is at least one delay 
time value fbr each PN code sequence depending on 
multipath environment of each transmitted spread spec- 
trum signal. 

[0015] Selectors 12^ - 12^ are provided respec- 
tively fbr M users, each selector having K input termi- 
nals connected to the outputs of despreaders 1 1 ^ ~ 1 1 k 
respectively and J output terminals, where J is the 
number of cell-site transmitters, or a maximum number 
of multipath fading channels of each user signal. RAKE 
combiners, or adders 13^ ~ 13(^ are associated with the 
selectors 12^ ~ 12^. respectively Each adder 13 has J 
input terminals connected to the outputs of the associ- 
ated selector 1 2 to combine output signals from an allo- 
cated group of despreaders whose number varies 
depending on the number of paths over which the 
spread spectrum signal of the associated user is actu- 
ally propagated. 

[0016] Specifically, in each adder 13. the selected 
multipath signals are weighted by optimum coefficients 
and maximal-ratio combined to produce a high level out- 
put in a manner known in the art. Note that the integer K 
is greater than M and smaller than J x M. The multiple 
users are assigned pseiKionoise codes PN<| ~ PN^^ 
respectively 

[0017] Depending on the multipath environment of 
a transmitted spread spectrum signal, all despreaders 
1 1 are configured into a plurality of groups correspond- 
ing in number to the ntultiple users* or RAKE combiners 
13i - 13m. However, the number of despreaders in 



each group may differ from each other d^ending on the 
number of nrultipath components of the corresponding 
spread spectrum signal (i.e.. multiple propagation paths 
the spread spectrum signal take during tiansmission). 

5 piOIS] According to tiie configured groups of 
despreaders. tfie selectors 12 are controlled to estab- 
lish one or more connections between its K input termi- 
nals and its J output terminals so that each selector 12 
supplies the output signals from a group of despreaders 

10 to the associated adder 1 3. where ttie multipath conrpo- 
nents of tiie corresponding spread ^ectrum signal are 
RAKE combined. The output of each adder 13 is sup- 
plied to one of decision devices 14^ - 14^ that is con- 
nected to the associated user, where ttie RAKE 

IS combined signal is conpared to a decision threshold to 
produce a demodulated signal fbr the assodated user. 
[0019] In more detail, the operation of ttie control 
processor proceeds as shown in the flowchart of Rg. 2. 
[0020] if a spread spectrum signal is received (step 

20 201). ttie processor determines ttie number of all 
received spread spectrum signals including ttie cur- 
rentty received signal (step 202) and detemiines ttie 
number of multipath components of the currentty 
received spread spectrum signal from ttie outputs of 

25 searchers 15 (step 203). At step 204. the control proc- 
essor checks to see if despreaders are available fbr allo- 
cation to ttie RAKE combiner con-esponding to ttie 
cun^entty received spread spectrum signal. 
[0021 ] If ttie decision at step 204 is affirmative, flow 

30 proceeds to step 205 to allocate despreaders to ttiat 
RAKE combiner corresponding to ttie detected muttip- 
atti components of ttie spread spectrum signal. The 
control processor returns to ttie starting point of the rou- 
tine. 

35 [0022] If ttie dedsion at step 204 is negative, flow 
proceeds to step 206 to configure all despreaders into a 
plurality of groups corresponding to ttie received spread 
spedrum signals according to the number of multipath 
components of each received spread spectrum signal 

40 and the relative strengttis of ttie muitipatti components, 
so ttiat each group has one or more despreaders sub- 
stantially corresponding to the detected muitipatti com- 
ponents of the spread spectrum signal. 
[0023] At step 207. ttie control processor allocates 

45 despreaders to ttie RAKE combiners according to ttie 
configured groups, and returns to the starting point of 
the routine. 

[0024] All despreaders 1 1 are ttierefore eff icientty 
utilized to be commonly shared by M users. TTie number 

50 of despreaders allocated to each user varies from time 
to time depending on muitipatti fading environment of 
ttie propagation patti. Therefore, a despreader allo- 
cated to a particular user at a given instant of time may 
be reallocated to anottier user at ttie next instant 

55 [0025] The allocation of despreaders and delay 
time values is performed by a plurality of searchers 15^ 
- 15m. 3 control processor 16. a switch 17. a PN code 
generator 18 and a time data memory 19. witti ttie aid of 
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the selectors 12i ~ 12|^. 

[0026] Searchers 15 are provided in nun^er oorre- 
spondng to the M users. Each searcher includes a cor- 
relator 25, and a variable delay element 26 which 
introduces a constantly varying delay time to the PN 
code of the associated user supplied from the PN code 
generator 18. This delay time is cyclically swept across 
a range of delay time values in order to search for multi- 
path components. The spread spectrum signals from 
antenna 10 are despread with each user's PN code of 
constantly varying phase and one or more significant 
peaks will be detected when the varying phase coin- 
cides with muttipath signal components. 
[0027] According to the output signals from search- 
ers 15^ ~ 15m, the control processor 16 determines, for 
each of the M users, the number of despreaders to be 
allocated and one or more delay data values to be sup- 
plied to the allocated despreaders. More specifically, the 
control processor 16 detects one or more significant 
multipath component signals that appear in time 
sequence at the output of each searcher 15{ (where i = 
1 . 2 , M) and configures all despreaders into a plural- 
ity of M groups con'esponding respectively to the users, 
with the number of despreaders in each group corre- 
sponding to the number of multipath components of the 
spread spectrum signal of the corresponc£ng user. Con- 
trol processor 16 further determines the r^ective 
delay time values for the despreaders of each group 
according to the time positions of the signals in the 
detected propagation paths. 
[Q0281 At a predetermined chip rate, the pseudo- 
noise generator 18 produces a plurality of different 
pseudonoise code sequences PN^ through PN^ corre- 
sponding respectively to the multiple users and supplies 
these PN codes respectively to the searchers 15 and to 
the switch 17. Time data memory 19 provides delay 
time values ti - tn to the switch 17. In accordance with 
control signals from the processor 16, the switch 17 
establishes connections to the despreaders from the 
PN generator 18 and the time data memory 19 so that 
the despreaders of each group are supplied with the PN 
code of the associated user and delay time values. 
[0029] Despreaders allocated to each user are 
therefore supplied with the user's PN code and respec- 
tively loaded with different delay time values oorre- 
sponcfing to the propagation paths of the spread 
spectrum signal destined for the user. As the searcher 
associated with the user continues to search for muttip- 
ath component signals of significant levels, the switch 
17 may be reconfigured according to varying propaga- 
tion paths and their varying path lengths so that 
despreaders previously assigned to one user are reas- 
signed to another user. 

[0030] It is seen therefore that the present invention 
achieves a savings of despreaders. If the maximum 
number of multipath channels for each user signal (usu- 
ally determined by the number of accessible cell-site 
transmitters) is denoted as J and the average number of 



multqpath channels allocated to each user is denoted as 
A, the RAKE receiver of this invention achieves a J-to-A 
savings of despreaders and associated circuits: 
[0031 ] Rg. 3 is a block diagram of a second embod- 

5 iment of the present invention. In this embodiment the 
time-serial outputs of searchers 15i - 15m are con- 
verted to parallel signals in respective tapped delay 
lines 31 1 - 30^ and compared in comparators 31^- 
31 M with the parallel outputs of adders 12^ - 12^. The 

to output of each comparator 31 repres&its the timing dif- 
ferences of the actually recovered multipath signals 
from the multipath signals detected by the correspond- 
ing searcher 15. The output of each comparator 31 is 
supplied to the control processor 16 as a feedback sig- 

rs nal. Control processor 16 uses the feedback signals 
from the comparators 31 to reconfigure the switch 17. 
Precision feedback control is therefore achieved. 
[0032] Rg. 4 shows a further embodiment of the 
present invention in which a number of diversity anten- 

20 nas 40^ ~40rsj are used, instead of the single antenna 
10. Antenna switches 41^ -41k ^® associated respec- 
tively with despreaders 11^ 11k« Each of the antenna 
switches 41 has N input terminals respectively con- 
nected to the antennas 40^ - 40n and a single output 

25 terminal connected to the input of the associated 
despreader. A diversity controller 42 receives all signals 
detected by the antennas 40^ ~ 40^ and the users' PN 
code sequences PN^ ~ PN^ from PN generator 18 to 
control the switches 41 1 ~ 41k. 

30 [0033] As shown in detail in Rg. 5. the diversity con- 
troller 42 includes a plurality of searcher units 50^ ~ 50m 
associated respectively with the M users. Each 
searcher unit comprises searchers 53^ ~ 53^ identical 
in structure to the searchers 15 used in Rg. 3. Searcher 

35 units 50^ ~ 50m are supplied with PN codes PN^ 
through PN^^ respectively. Searchers 53i - 53|sj of each 
unit are connected respectively to the antennas 40^ ~ 
40|^ to despread the respective antenna signals with the 
same PN code, so that each searcher unit produces a 

40 plurality of outputs each containing a series of multipath 
components of the signal destined for the .user associ- 
ated with the searcher unit Maximum selectors 51 ^ - 
51m are associated respectively with the searcher units 
50i 50m to receive the output signals of the searchers 

45 of the associated unit. 

[0034] Each maximum selector makes a search 
through the despread signals of all antennas and 
selects one having the muKipath component of highest 
strength and applies all multipath components of the 

50 selected signal to a controller 52 in addition to the iden- 
tity of the selected antenna All outputs of the maximum 
selectors 51 ^ - 51^ are analyzed by the controller 52 
and the number of significant multipath components is 
determined for each user and the selected antenna. 

55 Controller 52-individually operates the switches 41^ - 
41k by allocating them to the selected antennas so that 
each selected antenna is connected through a number 
of switches 41 to the associated despreaders. 
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Claims 

1 . A spread spectrum receiver oomprisng: 

a plurality of de^readers (1 1 i-Hk): ^ 
a plurality of RAKE combiners (13^ - 13m) 
associated respectively with multiple users to 
which a plurality of spread spectrum signate 
are transmitted respectively; and 
allocation circuitry (12^ - 12^, 15^ - 15^. 16 - io 
1 9) for detecting one or more multipath compo- 
nents of received spread spectrum signals and 
allocating said plurality of despreaders to said 
RAKE combiners according to the detected 
one or more multipath components, is 
said plurality of despreaders being provided In 
number that is smaller than a number of said 
RAKE combiners times a maximum number of 
possible multipath components of a spread 
spectrum signal and greater than the number 20 
of said RAKE combiners. 

2. A spread spectrum receiver as claimed in claim 1 . 
wherein said allocation circuitry is arranged to: 

25 

configure said plurality of despreaders into a 
plurality of groups so that said groups con^e- 
spond to received spread spectrum signals and 
each of said groups has one or more despread- 
ers conresponding to the detected one or more 30 
multipath components of each of the received 
spread spectrum signals, and 
allocate the despreaders of each group to a 
con'esponding one of said f^AKE combiners. 

3S 

3. A spread spectrum receiver as claimed in claim 1, 
wherein said allocation circuitry comprises: 

a plurality of searchers (15-1-15^) provided 
respectively for said multiple users, each of 40 
said searchers detecting multipath compo- 
nents of a con'esponding one of said spread 
spectmm signals; 

a plurality of selectors (12^-12^) connected 
between said plurality of despreaders 45 
(11i-11k) and said RAKE combiners 
(13i-13m); and 

control circuitry (16-19) responsive to output 
signals from said plurality of searchers for con- 
figuring said plurality of despreaders into said so 
plurality of groups of despreaders and control- 
ling said selectors so that said groups of 
despreaders are connected through said selec- 
tors to said RAKE combiners. 

55 

4. A spread spectrum receiver as claimed in claim 1. 
wherein said allocation circuitry oonprises: 



a plurality of searchers (ISi-IS^) provided 
respectively for said multiple users, each of 
said searchers detecting multipath compo- 
nents of a received spread spectrum signal; 
a plurality of selectors (12^-12^) connected 
between said plurality of despreaders 
(11 1-1 Ik) and said RAKE combiners 
(13i-13m); 

a plurality of comparator circuitry (301-30^. 
31 1-31 m) for detecting differences between 
output signals of said plurality of searchers and 
output signals of said plurality of selectors; and 
control circuitry (16-19) responsive to the dif- 
ferences detected by said plurality of compara- 
tor circuitry for configuring said plurality of 
despreaders into said plurality of groups of 
despreaders and controlling said selectors so 
that said groups of despreaders are connected 
through said selectors to said RAKE combin- 
ers 

5. A spread spectrum receiver as claimed in claim 3 or 
4, wherein said control circuitry comprises: 

pseudonoise (PN) generation circuitry (18) for 

producing a plurality of PN code sequences 

conresponding to said multiple users; 

a time data memory (19) for storing delay time 

values; 

a switch (17) for establishing connections from 
said PN generation circuitry (18) and said time 
data memory (19) to said plurality of despread- 
ers (11^-1 Ik); and 

a control processor (16) for controlling said 
switch (17) and said selectors (12^-^121^ 
according to the configured groups of 
despreaders so that the despreaders of each 
group are supplied with a con-esponding one of 
said PN code sequences and one or more 
delay time values stored in said time data 
memory (19). 

6. A spread spectrum receiver as claimed in daim 1 , 
2. 3. 4 or 5, further comprising: 

a plurality of antennas (40t~40|si); 
a plurality of switches (41^-41k) associated 
respectively with said plurality of despreaders, 
each of the switches having a plurality of input 
tenninals connected respectively to said anten- 
nas and an output terminal connected to tiie 
associated despreader; and 
diversity control circuitry (42) for controlling 
said switches (41^'-41k) so that one of said 
antennas is connected through said switches 
to a con'esponding one of said groups of 
despreaden^ 
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7. A method of sharing a piuralHy of despreaders 
(11i'-11k) among a plurality of RAKE combiners 
(13i-13m) associated r^ectivety with nmltiple 
i^rs to which a plurality of spread spectrum sig- 
nals are transmitted respectively, said plurality of 5 
despreaders being provided in number that is 
smaller than a number of said RAKE combiners 
times a maximum number of possible muKpath 
conponents of a spread spectrum signal and 
greater than the number of said RAKE combiners, to 
the method comprising the steps of: 

a) receiving a spread spectrum signal; 

b) determining a number of received spread 
spectrum signals; is 

c) determining a nunr^er of oiuKipath compo- 
nents of the signal received by the step (a) and 
relative strengths of the muitipath components; 

d) determining whether despreaders are avail- 
able for allocation to a corresponding one of 20 
said RAKE combiners; 

e) if despreaders are available, allocating to the 
corresponding RAKE combiner despreaders 
corresponding to the number of detected multi- 
path components; and 2s 

f) if despreaders are not available, configuring 
said plurality of despreaders into a plurality of 
groups corresponding to the number of 
received spread spectrum signals determined 

by the step (b) according to the number of mul- so 
tipath components of each of the received 
spread spectrum signals and the relative 
strengths of the muitipath components of each 
received spread spectrum signal determined 
by the step (c), and allocating to said RAKE 3S 
combiners despreaders according to the con- 
figured groups. 
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